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ABSTRACT 
PURPOSE: The aim of this study was to determine the effects of 
chiropractic manipulation to the thoracic spine and ribs on pulmonary 
function in first year emergency medical care students. 
 
METHOD: This was a randomised, non-blinded, comparative intervention 
study. The study included a single intervention applied to a single group as 
well as a control group who received no intervention. Thirty healthy, first 
year students enrolled for the Bachelor of Health Sciences in Emergency 
Medical Care at the University of Johannesburg (UJ) participated in this 
study. Participants were randomly divided into two groups of fifteen. One 
group of participants received chiropractic manipulation applied to 
restrictions of motion of the thoracic spine and ribs. The other group of 
participants received no intervention. 
 
PROCEDURE: Objective data consisted of spirometry readings of forced 
vital capacity (FVC) and forced expiratory volume in one second (FEV1). 
The objective data was collected using the Contec™ SP 10 W handheld 
spirometer. Participants in the intervention group (Group A) received six 
treatments of chiropractic manipulation to the thoracic spine and ribs. 
Spirometry readings for FVC and FEV1 were taken on consultation One, 
Four and Seven. Participants in the control group did not receive any 
treatment and spirometry readings were taken three times, which 
coincided with the timeline of consultations One, Four and Seven of the 
intervention group. The data was collected by the researcher and 
analysed by a biometric statistician. 
 
RESULTS: The statistical data was analysed using the two-sample 
dependent t-test, the linear mixed model (REML) analysis and the ANOVA 
analysis. Changes in FVC in both groups were statistically insignificant 
(p>0.05); however, the difference between groups for FEV1 at consultation 
seven was statistically significant (p≤0.05). FEV1 in the intervention group 
vii 
 
increased by 80 millilitres (mls) compared to a decrease of 40 mls in the 
control group. 
 
CONCLUSION: The results of the clinical study indicated improvement in 
FEV1 of the intervention group and a statistically significant difference 
between groups at consultation Seven. The results of this study were not 
conclusive; however, chiropractic manipulation applied to the thoracic 
spine and ribs seem to have a positive effect on FEV1 in healthy 
individuals. Chiropractic manipulation may be a useful auxiliary 
intervention to assist emergency care providers in obtaining optimal 
pulmonary function.  
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CHAPTER 1: INTRODUCTION 
1.1 Problem Statement 
Respiration refers to a vital process in the human body, tasked with the 
provision of oxygen- and removal of carbon dioxide from various tissues of 
the body. Respiration comprises of four facets, one of which is pulmonary 
ventilation; a process that employs various anatomical structures in the 
body, such as the neuromusculoskeletal system, to perform its function 
(Guyton and Hall, 2006). The focus of this research project was the 
process of pulmonary ventilation.  
 
Optimal pulmonary function is dependent on effective pulmonary 
ventilation. Pulmonary ventilation refers to the movement of air into and 
out of the lungs. Chest expansion is the main factor affecting pulmonary 
ventilation and occurs as a result of the mechanical movements of the 
thoracic cage, diaphragm and thoracic spine (Guyton and Hall, 2006; 
Martini, Nath and Bartholomew, 2010). 
 
Pulmonary function can be assessed using various methods including: 
spirometry, body plethysmography, gas dilution techniques and arterial 
blood gas analysis (Ranu, Wilde and Madden, 2011). Spirometry is a 
reliable method used to assess pulmonary ventilation and differentiate 
between obstructive and restrictive pulmonary diseases (Bellamy, Brooker, 
Conellan and Halpin, 2005). Spirometry measures the volume of air that 
an individual is able to expel from the lungs after maximal inspiration 
(Bellamy et al., 2005). Spirometry parameters include forced vital capacity 
(FVC) and forced expiratory volume in one second (FEV1), which are 
classified as dynamic lung volumes and largely dependent on respiratory 
muscle effort (Lutfi, 2017; Morris, 1976). 
 
Chiropractic is a health care profession committed to the improvement of 
overall health through the evidence-based evaluation and conservative 
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treatment of neuromusculoskeletal disorders (Bergmann and Peterson, 
2002). Chiropractic manipulation applied to the articulations within the 
thoracic spine and articulations of the ribs with the thoracic spine affects 
the functionality of the aforementioned joints and the associated 
pulmonary musculature, myofascial and neural structures (Moreno, Catai, 
Teodori, Borges, De Castro Cesar and Da Silva, 2007; Shin and Lee, 
2016). Chiropractors have the ability to influence the function of the 
neuromusculoskeletal system through chiropractic manipulation and could 
therefore affect respiratory health. 
 
Healthcare providers involved in the emergency care profession often 
engage in long and physically demanding shifts in various clinical and 
rescue environments. This may include work on ambulances, rescue 
vehicles, response vehicles and various types of aircraft. The physicality of 
the profession is highlighted by the number of musculoskeletal injuries that 
occur. Emergency care work and medical rescue require cardio-respiratory 
endurance, muscle strength, muscle endurance and coordination 
(Gentzler and Stader, 2010). Strenuous manual work, combined with 
psychological stressors and uncontrolled environments often lead to 
musculoskeletal dysfunction (Broniecki, Esterman, May and Grantham, 
2010).  
 
In addition, scenarios in the emergency care environment often require 
heavy overhead lifting combined with awkward or hunched postures 
(Gentzler and Stader, 2010). Postural stressors in emergency care 
providers may lead to neuromusculoskeletal dysfunction within the 
thoracic spine, thereby affecting the functionality of the respiratory system. 
Based on this, it could be argued that optimal respiratory function is an 
important contributor to the effective performance of an emergency care 
provider.  
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The degree in Emergency Medical Care (EMC), producing Emergency 
Care Practitioners (ECPs), requires graduates to demonstrate competence 
in physical preparedness and the ability to operate in austere 
environments. The course subjects students to strenuous physical 
exercise, swimming and tasks of manual labour applicable in emergency 
medical care and rescue environments.  
 
Optimal functionality of the neuromusculoskeletal system, including the 
respiratory system, is important to successfully complete the requirements 
of this degree. It has been demonstrated above that a relationship exists 
between chiropractic manipulation and respiratory function. Considering 
these statements, the question arose as to the effect of chiropractic 
manipulation on respiratory function, as measured using spirometry, in 
EMC students. Chiropractic manipulation to the thoracic spine and 
posterior ribs might be able to affect FVC and FEV1. 
 
1.2 Aims 
This research aimed to determine if the application of chiropractic 
manipulation to the thoracic spine and posterior ribs influence pulmonary 
function, measured using spirometry, in EMC first year students at the 
University of Johannesburg. 
1.3 Possible outcomes and contribution 
It is proposed that chiropractic manipulation may affect pulmonary function 
by improving the mechanical process of pulmonary ventilation in 
emergency care providers. Regular chiropractic manipulation may improve 
the effort of breathing and efficiency of pulmonary ventilation of 
emergency care providers. 
 
Changes in pulmonary function, as measured by spirometry, also play an 
important clinical role in the development of respiratory disorders (Bellamy 
et al., 2005). Regular chiropractic manipulation could influence the onset 
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and progression of respiratory disorders such as asthma and emphysema 
(Lima, De Moura Filho, Cunha, Ribeiro, Valenti and De Abreu, 2011).  
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CHAPTER 2: LITERATURE REVIEW 
2.1 Introduction 
Optimal lung function is essential to quality of life and optimal performance 
in daily activities. Optimal lung function is reliant on the musculoskeletal 
system due to the anatomical relationship between the thoracic spine, its 
articulation with the ribs and the associated respiratory musculature and 
innervation. The musculoskeletal system affects pulmonary function 
though chest wall compliance and respiratory muscle strength (Abdelaal, 
Ali and Hegazy, 2015; Babina, Mohanty and Pattnaik, 2016).  
 
Any aberrant function in the thoracic spine, ribs and associated 
musculature places the thoracic cavity at a mechanical disadvantage and 
therefore affects chest excursion and respiratory efforts (Babina et al., 
2016). An increasing number of sources suggest that the respiratory 
system and lung function may be affected by creating change in the 
above-mentioned aspects of the musculoskeletal system (Abdelaal et al., 
2015; Babina et al., 2016; Engel and Vemulpad, 2007). 
 
Postural stressors combined with heavy manual labour are synonymous 
with emergency medical care and medical rescue environments and are 
often causative of aberrant musculoskeletal function. In the United States 
of America, 50% of line-of-duty retirements in the emergency medical care 
and firefighting populations occur due to back related injuries. Injuries, 
often leading to extended sick leave, place great logistical and financial 
strain on the healthcare system and organisations providing emergency 
medical care and rescue (Broniecki et al., 2010; Gentzler and Stader, 
2010). 
2.2 Anatomy of the thoracic spine 
The thoracic spine consists of twelve thoracic vertebrae, each consisting 
of a vertebral body, two pedicles, the laminae, superior and inferior 
articular processes, two transverse processes and a spinous process. The 
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posterolateral aspect of the vertebral plateau bears the costal articular 
facet, which is oval and obliquely set. The laminae, near the pedicles, 
gives attachment to the superior articular processes, which bear the 
articular facet. The transverse process faces laterally and posteriorly with 
a bulbous tip. The tip provides a small articulating facet corresponding to 
the costal tubercle. The spinous process is sharply inclined inferiorly and 
posteriorly (Kapandji, 2007).  
 
Thoracic vertebrae articulate at facet or zygapophyseal joints and are 
enveloped in a joint capsule (Moore, Dalley and Agur, 2014). 
Fibrocartilaginous discs separate the joint surfaces and facets lined by 
articular cartilage (Moore et al., 2014). Figure 2.1 demonstrates the 
anatomy of the typical thoracic vertebra. 
 
 
Figure 2.1 The thoracic vertebra (Moore et al., 2014) 
 
The costovertebral joint is a synovial joint formed by two costal facets on 
the vertebral side and the corresponding facets of the ribs (Kapandji, 
2007). The head of the rib articulates with the superior costal facet of the 
corresponding vertebra, inferior costal facet of the superior vertebra and 
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the adjacent intervertebral disc (IVD) (Moore et al., 2014). The 
costotransverse joint is formed by an oval facet on the tip of the transverse 
process and a facet on the costal tubercle (Kapandji, 2007). Figure 2.2 
illustrates the costovertebral and costotransverse joints. 
 
The costotransverse joint is also a synovial joint surrounded by a capsule 
and three strong costotransverse ligaments. The costotransverse 
ligament, superior and lateral costotransverse ligaments limit gliding 
movement at this articulation (Moore et al., 2014).  
 
Figure 2.2 Costovertebral and costotransverse joints (Moore et al., 
2014) 
 
2.3 Anatomy of the thorax 
The thorax consists of the thoracic cage, the thoracic cavity and its wall. 
The thoracic cavity is cone shaped, being narrowest superiorly and widest 
inferiorly. The thoracic cage is formed by twelve pairs of ribs and their 
costal cartilages and is supported by the sternum and thoracic vertebrae. 
The thoracic cavity contains essential organs of the respiratory and 
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cardiovascular systems and is divided into three spaces; namely the 
mediastinum and right and left pulmonary cavities. The thoracic wall 
includes the ribs, muscles, skin, cutaneous tissue and fascia (Moore et al., 
2014). 
2.4 Biomechanics of the thoracic spine and ribcage 
The thoracic spine and rib cage should be considered an integrated model 
rather than separate entities. The rib cage provide stability to the thoracic 
spine and its many articulations allow for movement in all planes. The 
thoracic spine exhibits 4 to 9 degrees of movement, the largest degree of 
movement compared to other spinal regions (Magee, Zachazewski and 
Quillen, 2009). 
2.5 Physiology of the respiratory system 
2.5.1 Pulmonary ventilation 
Respiration is divided into three stages namely: pulmonary ventilation, 
diffusion of gases between the alveoli and blood; and the transport of 
gases to and from body tissue cells. Pulmonary ventilation refers to the 
movement of air between the respiratory tract and the atmosphere. Air 
moves from an area of high pressure to an area of low pressure and an 
inverse relationship exists between volume and pressure, according to 
Boyle’s law. These tendencies form the basis of pulmonary ventilation 
(Martini et al., 2012). 
 
A single respiratory cycle consists of an inspiration and an expiration. 
Pressure gradients, created by changes in the volume of the thoracic 
cavity and consequently, the lungs, during movements of the rib cage and 
diaphragm are required for air flow into and out of the lungs (Martini et al., 
2012).  
 
The lungs are elastic and can expand and collapse in two ways. Firstly, 
the downward or upward movement of the diaphragm lengthens or 
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shortens the thoracic cavity and secondly, the elevation or depression of 
the ribs change the anteroposterior diameter of the thoracic cavity. The 
amount of lung and chest expansion is dependent on the level of 
respiratory effort required. Normal quiet breathing utilises the first method, 
whereas forced ventilation requires changes in both anteroposterior and 
lateral diameter of the chest cavity (Guyton and Hall, 2006; Plowman and 
Smith, 2013). 
 
During inspiration, the thoracic cavity enlarges due to the musculoskeletal 
changes, allowing the lungs to expand. The increase in lung volume 
results in a decrease in pressure within the lungs (intrapulmonary 
pressure). Air enters the respiratory system as the intrapulmonary 
pressure is less than the atmospheric pressure. During expiration, the 
thoracic cavity will decrease in size, consequently decreasing the lung 
volume and resulting in increased pressure in the lungs. Air will be 
expelled from the respiratory system as the intrapulmonary pressure 
exceeds the atmospheric pressure (Martini et al., 2012). 
 
2.5.2 Mechanics of pulmonary ventilation 
Inspiration is an active process involving contraction of the diaphragm and 
external intercostal muscles (Martini et al., 2012). Pressure changes 
required, at rest, for adequate ventilation are quite small (Kenney, Wilmore 
and Costill, 2015). A decrease of 2-3 millimetres of mercury (mmHg) in 
intrapulmonary pressure ensure adequate inspiration at rest (Kenney et 
al., 2015).  
Forced ventilation, occurring during exhaustive exercise, further 
incorporates accessory respiratory muscles to raise the ribs more than in 
quiet breathing. This occurs to facilitate a greater increase in lung volume, 
as a decrease of 80-100 mmHg in intrapulmonary pressure is needed due 
to the increase in the body’s metabolic demand (Kenney et al., 2015). 
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Expiration, at rest, is a passive process occurring as a result of relaxation 
of the inspiratory muscles and the elastic recoil of the lungs. Forced 
breathing requires contraction of the internal intercostal muscles to 
actively pull the ribs down and the abdominal muscles to contract in order 
to force the diaphragm upwards, thereby facilitating expiration (Martini et 
al., 2012; Kenney et al., 2015).  
The increase in pulmonary ventilation during exercise is directly 
proportional to the metabolic needs of the exercising muscles. Evidence 
suggest that pulmonary ventilation may be a limiting factor during exercise 
of very high intensity. At rest, the respiratory muscles use only 2% of total 
oxygen uptake. As the metabolic demand of skeletal muscle increase 
during exercise, the rate and depth of ventilation also increase. The 
energy cost of respiration increases during exhaustive exercise, using 
11% of total oxygen uptake and 15% of total cardiac output. Evidence 
suggest this also continues post-exercise. Regular exercise allows the 
body to adapt to higher levels of exercise with ease, whereas a sedentary 
lifestyle result in decreased maximal oxygen uptake and increased work of 
breathing (Janssens, 2005; Kenney et al., 2015). 
 
The diaphragm is a musculotendinous dome that forms the floor of the 
thorax and separates the thorax from the abdomen. The dome extends 
further posteriorly and at the apex is a central tendon. From the central 
tendon, muscle fibre bands extend to the periphery of the floor of the 
thorax and attaches to the costal cartilages, the tips of the eleventh and 
twelfth ribs, the vertebral bodies, the psoas muscle and the quadratus 
lumborum muscle (Kapandji, 2007).  
 
The diaphragm contracts during inspiration resulting in increasing vertical 
diameter of the thorax (Guyton and Hall, 2006; Kapandji, 2007). Hereafter, 
the diaphragmatic muscle fibres elevate the lower ribs, increasing the 
transverse diameter of the thorax; simultaneously, it also elevates the 
upper ribs, increasing the anteroposterior diameter of the thorax (Kapandji, 
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2007). The significance of the diaphragm in respiration lies in the fact that 
the diaphragm itself are able to affect all three diameters of the thoracic 
cavity (Kapandji, 2007). The diaphragm descends 1,5 centimetres during 
quiet breathing; however, during deep breathing, the diaphragm can 
descend in excess of 10 centimetres (Åstrand, Rodahl, Dahl and 
Stromme, 2003). During heavy inspiration the external intercostal muscles 
raise the ribcage; in conjunction with the sternocleidomastoid, scaleni and 
anterior serrati muscles (Guyton and Hall, 2006).  
 
During inspiration antagonistic-synergistic action of the abdominal muscles 
plays a vital role in the efficiency of the diaphragm. When the diaphragm 
flattens during inspiration, it is soon opposed by stretching of the 
mediastinal elements which will result in inferior and anterior displacement 
of the abdominal viscera. However, due to the simultaneous contraction of 
the abdominal muscles the central tendon of the diaphragm is stabilised 
allowing the elevation of the lower ribs and preventing the displacement of 
the abdominal viscera (Kapandji, 2007).   
 
During normal quiet expiration, the diaphragm relaxes and the elastic 
recoil of the lungs allows for the expulsion of air (Guyton and Hall, 2006). 
Laboured expiration, requires active contraction of the abdominal muscles, 
pushing the abdominal viscera against the diaphragm, thereby 
compressing the lungs and allowing the air to be expelled (Guyton and 
Hall, 2006). Figure 2.3 illustrates the movements of the ribcage during 
respiration and the muscle involved in the process. 
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Figure 2.3 The movements and muscles during respiration (Martini et 
al., 2012) 
 
2.5.3 Posture and respiratory mechanics 
Respiratory muscles, especially abdominal muscles and the diaphragm, 
display a role in maintaining posture (Gandevia, Butler, Hodges and 
Taylor, 2002; Lee, Chang, Coppieters, Hodges, 2010). Lee et al. (2010) 
postulates that altered posture may influence the ability of these muscle to 
participate in respiration, due to competition between the demands of 
posture and breathing. Changes in the mechanical efficiency of respiratory 
muscles due to optimal length-tension changes and mechanical 
advantage in abdominal muscles in erect postures contributes to greater 
respiratory efficiency  (Babina et al., 2016; Lee et al., 2010).  
 
Upright posture enhance the activation of the inspiratory muscles and 
diaphragm, therefore allowing the ribcage to be moved more effectively 
and promoting rib cage expansion (Lin, Parthasarathy, Taylor, Pucci, 
Hendrix and Makhsous, 2006). Slumped posture may also compress 
organs and impede diaphragmatic movement during breathing (Lin et al., 
2006). 
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Subtle plane changes in spinal alignment affect and thoracolumbar 
extension and slump postures induce changes in chest wall shape and 
diameter in three dimensions. Postural changes also affect the range of 
motion and coupling patterns of spinal and rib articulations and therefore 
influence chest wall compliance by changing the articular range of motion 
available for respiration (Lee et al., 2010). 
 
The SCM, scalene, thoracic erector spinae and upper trapezius play an 
important role in respiratory mechanics. Sedentary lifestyles and 
occupational ergonomics result in seated or slouched postures being 
maintained for extended periods of time resulting in forward head posture 
(Han, Park, Kim, Choi and Lyu, 2016).  
 
Forward head posture results in the weakening of neck flexors and erector 
spinae muscles in the upper thoracic region due to their lengthening (Han 
et al., 2016). Consequently, tension develops in the levator scapulae, 
upper trapezius and sternocleidomastoid (SCM) muscles due to their 
shortening. Rounded shoulder posture and an increased thoracic kyphosis 
results (Han et al., 2016). An increased thoracic kyphosis restricts chest 
expansion and results in respiratory muscle weakness leading to 
decreased lung capacity and thoracic cavity size as well as deformity in 
the vertebral column (Jung and Moon, 2015). Consequently, a direct link 
can be drawn between slumped posture and altered respiratory 
mechanics.  
 
The nature of emergency medical care provision and medical rescue, as 
described previously, involves heavy manual work. Manual material 
handling tasks rarely cause injury, however when these tasks are 
conducted repetitively, they stress the spine and back muscles to an 
extent where injury can occur. In-transit, patient care tasks require the 
trunk to be flexed more than forty-five degrees and often accompanies 
simultaneous lateral flexion. In the fire search and rescue environment, 
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lifting heavy fire hoses above chest height combined with the weight of the 
personal protective equipment and self-contained breathing apparatus 
pose great risk for musculoskeletal injury (Gentzler and Stader, 2010; 
Michaelides, Parpa, Henry, Thompson and Brown, 2011).  
 
In the medical rescue environment, patients are often carried or dragged 
in stooped or awkward postures due to the nature of the environment 
(Michaelides et al., 2011). In-transit, patient care also require stooped 
postures to be maintained due to the confined space in the emergency 
vehicle and is often combined with twisting when reaching for objects in 
overhead compartments (Broniecki et al., 2010; Gentzler and Stader, 
2010). 
 
Emergency medical care providers are at risk for developing abnormal 
posture (forward head posture) as described above due to the physical 
challenges of their profession. Abnormal posture and the associated 
muscle imbalances may be common amongst emergency medical care 
providers due to the nature of their profession. The relationship between 
abnormal posture and its effects on respiratory mechanics and respiratory 
function have been demonstrated and as emergency medical care 
providers are at risk for developing abnormal posture, they may also 
indirectly be at an elevated risk for developing respiratory dysfunction. 
 
2.5.4 Muscle length-tension relationship 
Tension produced by skeletal muscle is dependent on the number of cross 
bridges formed and not the number of sarcomeres contracting within a 
muscle fibre (Martini et al., 2012). Tension produced varies in individual 
muscle fibres, firstly, due to the fibres resting length at the time of 
stimulation, as this determines the degree of overlap between the thin and 
thick filaments and secondly, the frequency of stimulation (Martini et al., 
2012). Figure 2.4 illustrates the anatomy of a skeletal muscle fibre. 
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Figure 2.4 The anatomy of skeletal muscle (Betts, 2018) 
 
Maximal tension is produced when the sarcomere is at its optimal resting 
length during stimulation (Martini et al., 2012). A sarcomere is at its 
optimal resting length when the zone of overlap is large, but the thin 
filaments do not extend across the sarcomere’s centre (Martini et al., 
2012). Figure 2.5 illustrates the thick and thin filaments in a myofibril. 
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Figure 2.5 The anatomy of a myofibril (Betts, 2018) 
 
An increase in the resting length decreases the amount of tension 
produced due to a reduction in the zone of overlap and consequently a 
decrease in the number of cross-bridges formed. An increase in the 
resting length result in thin filaments extending across the centre of the 
sarcomere therefore decreasing its efficiency and tension produced 
(Martini et al., 2012).   
 
Respiratory muscle function is measured by maximal inspiratory and 
expiratory pressures (Lanza, De Camargo, Archija, Selman, Malaguti and 
Del Corso, 2013). Significant correlation exists between chest wall 
mobility, forced expiratory volume and inspiratory capacity (Lanza et al., 
2013). Decreased rib cage excursion results in altered muscle length-
tension relationship of the respiratory muscles and consequently 
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decreases the force generating capacity of these muscles (Babina et al., 
2016; Vaz Fragoso and Gill, 2012).  
 
2.5.5 Lung volumes 
Lung volumes are divided into static and dynamic lung volumes. Static 
lung volumes are divided into four lung volumes and four lung capacities.  
The standard lung volumes include tidal volume, inspiratory reserve 
volume, expiratory reserve volume and residual volume. The four standard 
lung capacities include: inspiratory capacity, functional residual capacity, 
vital capacity and total lung capacity. Residual volume and functional 
residual capacity form part of total lung capacity and therefore it is not 
possible to measure these using spirometry. Radiological, 
plethysmographic and dilutional techniques are required (Lutfi, 2017).  
 
Static lung volumes are measured through completeness of respiratory 
manoeuvres rather than velocity (Quanjer, Tammeling, Cotes, Pederson, 
Peslin and Yernault, 1993). Dynamic lung volumes are measured during 
fast breathing and are dependent on the rate of air flow (Quanjer et al., 
1993). Dynamic lung volumes are mostly derived from vital capacity and 
are essential in the diagnosis of obstructive lung diseases (Lutfi, 2017).  
 
The measurement of dynamic lung volumes, using spirometry, is the first 
step in the measurement of respiratory function, since any diminution in 
the ability to move air rapidly in and out of the lungs typically result in 
breathlessness. The musculoskeletal system, nervous system, skin, 
subcutaneous tissues, the lungs or the inhaled gas may be the cause of 
ventilatory impairment (Quanjer et al., 1993).  
 
Dynamic lung volumes are assessed during forced inspiration and 
expiration when maximal effort is applied throughout the respiratory 
manoeuvre, whereas static lung volume measurements only require 
forced breathing at the beginning or end of the manoeuvre. The results of 
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dynamic lung volumes are typically expressed in relationships of volume to 
time and can be expressed on a volume-time curve (spirogram) (Quanjer 
et al., 1993).  
 
Forced ventilation occurs during exercise and resultantly dynamic lung 
volumes and the factors that influence them such as respiratory 
mechanics cannot be overlooked when assessing respiratory performance 
during exercise (Guyton and Hall, 2006; Quanjer et al., 1993). 
 
2.5.6 Spirometry 
Spirometry is a procedure involving the measurement of air volumes and 
air flow rates of the lungs (Koegelenberg, Swart and Irusen, 2013). 
Spirometry is a reliable method for distinguishing between obstructive 
airway disorders, such as chronic obstructive pulmonary disease (COPD) 
and asthma; and restrictive lung diseases where lung size is reduced 
(Bellamy et al., 2005). COPD often has a slow and insidious onset and 
significant progression may be present before the individual becomes 
symptomatic (Bellamy et al., 2005). Spirometry allows the detection of 
COPD before symptoms appear and may improve long-term quality of life 
(Bellamy et al., 2005).  
 
Currently, spirometry is mainly used in the clinical setting for the 
prevention and early detection of lung diseases, although many studies 
have discussed the effects of physical activity on forced vital capacity. 
Physical activity, especially aerobic exercise, has an effect on dynamic 
lung volumes, which is measured using spirometry; consequently, 
spirometry may also be seen as a valuable tool when evaluating changes 
in an individual’s ventilatory function due to physical activity. (Cicek, Gullu, 
Esin, Yamaner, 2018; Cheng, Macera, Addy, Sy, Wieland and Blair, 2003; 
Fatima, Rehman and Khan, 2013). 
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Forced ventilatory flows are affected by respiratory mechanics including 
chest wall mobility and diaphragmatic excursion, therefore spirometry also 
plays an important role in identifying changes in respiratory mechanics 
(Abdelaal et al., 2015; Babina et al., 2016; Lanza et al., 2013). 
 
Basic office spirometers measure forced vital capacity (FVC), forced 
expiratory volume (FEV), FEV1/FVC% and peak expiratory flow (PEF). 
FVC is defined as the maximum volume of gas exhaled from a position of 
maximal inspiration by means of rapid, maximally forced expiratory effort, 
expressed in litres. FEV1 is the volume of gas exhaled during the first 
second of the FVC manoeuvre, expressed in litres (Koegelenberg, Swart 
and Irusen, 2013). 
 
The patient’s gender, height and age must be recorded as this information 
is needed to compare FVC and FEV1 values to predicted normal values. 
The patient is to breathe as deeply as possible and seal their lips on the 
mouthpiece. The patient then blows their breath out as forcibly, as hard 
and as quick as possible until there is nothing left to expel. The 
manoeuvre should be repeated three times of which the best performance 
is recorded and subsequently used. Some spirometers may calculate the 
“predicted normal” value for a patient, others require the operator to 
calculate the percentage of the normal predicted values manually as 
indicated in Table 2.1 (Bellamy et al., 2005).  
 
Table 2.1 Calculating the percentage of predicted values (Bellamy et 
al., 2005) 
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Mild airflow obstruction is indicated as FEV1 between 50% and 80% of the 
predicted normal value and FEV1/FVC smaller than 0.7 as indicated in 
Table 2.2 (Bellamy et al., 2005). 
 
Table 2.2 Distinguishing and Identifying abnormalities (Bellamy et al., 
2005) 
 
 
A minimal clinically important difference (MCID) serves as an indication as 
to whether an intervention provides a minimum level of perceived benefit 
in a patient. An intervention may exhibit clinically significant changes, 
21 
 
although it may not exhibit statistically significant changes. The concept of 
MCID was first described in 1989 and is now a reliable method used by 
health professionals to determine the efficacy of an intervention (Jones, 
Beeh, Chapman, Decramer, Mahler and Wedzicha, 2014). 
 
Currently, little evidence exists to indicate MCIDs with regards to lung 
function in healthy individuals; however, MCIDs have been defined with 
regards to lung volumes in patients with chronic obstructive pulmonary 
disease (COPD). Studies have been conducted to determine MCIDs to 
describe the benefit of one pharmacological treatment regimen over 
another in patients with COPD (Jones et al., 2014). 
 
The American Thoracic Society has defined changes of 100-140 ml in 
FEV1 to be considered clinically important (Cazzola, MacNee, Martinez, 
Rabe, Franciosi, Barnes, Brusasco, Burge, Calverley, Celli, Jones, Mahler, 
Make, Miravitlles, Page, Palange, Parr, Pistolesi, Rennard, Rutten-van 
Molken, Stockley, Sullivan, Wedzicha and Wouters, 2008; Jones et al., 
2014). Regulatory institutions define a change of 5 to 10% from the 
baseline as clinically important and a change of less than 3% as not 
clinically important (Cazzola et al., 2008; Jones et al., 2014). Changes of 
2-6% in FVC in patients with idiopathic pulmonary fibrosis represents a 
clinically important difference (Du Bois, Weycker, Albera, Bradford, 
Costabel, Kartashov, King, Lancaster, Noble, Sahn, Thomeer, Valeyre and 
Wells, 2011) 
 
2.6 Chiropractic 
2.6.1 Introduction 
The philosophy of health and the definition thereof have been explored by 
various figures throughout history. The Constitution of the World Health 
Organization (WHO) defines health as not merely the absence of disease 
but a state of complete mental, physical and social well-being (World 
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Health Organization, 2018). Sartorius (2006) described three modern 
definitions of health. The first definition simply refers to health as the 
absence of disease or impairment. By this definition alone, individuals 
declared as healthy today may be declared as diseased tomorrow due to 
the ever changing world of medicine in terms of the ability to diagnose 
disease, but also changing criteria for disease (Sartorius, 2006).  
 
The foundations of chiropractic healing focuses on the physical and the 
psychosocial aspects of patients, thereby having a holistic view of health 
which correlates with the WHO’s definition of health (Johnson, Baird, 
Dougherty, Globe, Green, Haneline, Hawk, Injeyan, Kilinger, Kopansky-
Giles, Lisi, Mior and Smith, 2008). Chiropractic has since evolved into a 
more evidence-based approach to health care. The World Federation of 
Chiropractic (WFC) describe Chiropractic as “A health profession 
concerned with the diagnosis, treatment and prevention of mechanical 
disorders of the musculoskeletal system, and the effects of these 
disorders on the function of the nervous system and general health.” 
(World Federation of Chiropractic, 2001). 
 
Modern Chiropractic utilizes various evidence-based diagnostic tests and 
treatments to allow the neuromusculoskeletal system to function optimally 
and thereby creating an internal environment of health. Chiropractic 
manipulation is the most used method in the Chiropractic profession to 
create optimal function in the human body (Bergmann and Peterson, 
2002). 
 
2.6.2 Joint dysfunction 
Joint dysfunction is defined as a loss of joint play movement that cannot 
be produced by voluntary muscles (Murphy & Morris, 2005). It is proposed 
that joint dysfunction plays an important role in the production and 
perpetuation of spinal pain (Murphy & Morris, 2005). Trauma, 
degeneration, postural deformity or systemic disease may contribute as 
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sources of movement dysfunction in the thoracic spine resulting in facet 
joint dysfunction and inflammation (Desai and O’Brien, 2018). 
 
When a joint is undergoes repetitive stressors or acute trauma, 
asymmetric muscle tension may develop, resulting in the joint being held 
away from its neutral position. These misaligned positions may cause 
inflammatory changes and consequent irritation to nociceptors resulting in 
pain.  Joint dysfunction is consequently described as joint mechanics 
showing disturbances of function, without structural change. These 
changes in joint mechanics affect the quality and range of motion which 
may be represented as joint hypermobility, joint hypomobility or aberrant 
motion (Bergmann and Peterson, 2002).  
 
Joint fixation or restrictions of motion describes hypomobility or lack of 
movement of vertebrae. Lack of vertebral movement is postulated to result 
in changes in sensory input from spinal and paraspinal tissues resulting in 
pain (Bergmann and Peterson, 2002).  
 
Periarticular soft tissue injury is a common cause of joint fixation due to its 
loss of elasticity and strength and resultant fibrosis. Myofascial injury result 
in an inflammatory response and muscle splinting reaction. The 
inflammation cause accumulation of extracellular exudates and sets the 
stage for connective tissue repair through the formation of scar tissue. 
Scar tissue decrease the elasticity of the remodelled tissue and further 
affects joint movement, therefore myofascial conditions become a self-
perpetuating source of pain, muscle spasm and joint fixation (Bergmann 
and Peterson, 2002). Figure 2.6 demonstrates the perpetuating myofascial 
cycle leading to joint dysfunction. 
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Figure 2.6 Myofascial cycle resulting in joint dysfunction (Bergmann 
and Peterson, 2002) 
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Joint dysfunction syndrome describes a clinical diagnosis where an 
aggregate signs and symptoms are present, assumed to be as a result of 
dysfunction of spinal, pelvic or peripheral joints. Joint dysfunction 
syndrome is a biomechanical or functional diagnosis and not structural or 
pathoanatomical. The diagnosis simply indicates that the source of the 
patient’s pain is related to a specific joint (for example, a spinal motion 
segment) and the associated soft tissues (Bergmann and Peterson, 2002).  
 
Joint dysfunction syndrome may exist in isolation or occur in association 
with other functional or structural conditions. Joint dysfunction syndrome 
may be associated with referred pain and pain can be reproduced or 
accentuated with static or dynamic palpation. High velocity-low amplitude 
(HVLA) adjustive therapy is the commonly applied treatment (Bergmann 
and Peterson, 2002).  
 
2.6.3 Chiropractic manipulation techniques 
Joint manipulative techniques are physical manoeuvres used to induce 
joint motion through mobilization (non-thrust technique) or manipulation 
(thrust technique). These techniques are used to treat disorders of the 
neuromusculoskeletal system by improving joint movement in terms of 
quality and quantity, with the goal of decreasing pain (Lehman and McGill, 
2001; Millan et al., 2012; Park, Lee and Min, 2017; Potter, Mccarthy and 
Oldham, 2005). Manipulative therapy is the main treatment protocol for 
joint dysfunction syndrome and is typically delivered in the direction of 
aberrant joint movement (Bergmann and Peterson, 2002).  
 
Bergmann and Peterson (2002) defines a manipulation as a direct articular 
manipulation, using either short or long lever techniques with specific 
contacts, characterised by a dynamic thrust of controlled amplitude, 
velocity and direction. The manipulative techniques utilised in this 
research are high velocity-low amplitude techniques.  
 
26 
 
2.6.4 Chiropractic and respiratory health 
Throughout this review, evidence exists that various aspects of the 
neuromusculoskeletal system may be the cause of respiratory dysfunction 
in an individual. Bergmann and Peterson (2002) demonstrated that a self-
perpetuating cycle exists between myofascial dysfunction and joint 
dysfunction. 
 
This review has shown that optimal respiratory function is dependent on 
effective respiratory mechanics. Optimal respiratory mechanics relies on 
rib cage expansion. Different sources have demonstrated the ability of 
manual therapy to improve rib cage expansion (Abdelaal et al., 2015; 
Babina et al., 2016; Kaneko and Suzuki, 2017; Lanza et al., 2013; Lima et 
al., 2011; Shin and Lee, 2016). Effective rib cage expansion relies on joint 
function and mobility; and myofascial function. Consequently, it is evident 
that a synergistic relationship exists between the neuromusculoskeletal 
system and the respiratory system. 
 
Chiropractic and other manual therapies are proposed to affect rib cage 
expansion through its effects on joint mobility, muscle-length tension 
relationship of respiratory muscles and connective tissue length and 
adhesions (Babina et al., 2016; Pickar, 2002; Threlkeld, 1992; Shin and 
Lee, 2016). 
 
In Figure 2.7, Pickar (2002) describes how joint dysfunction affects 
physiology. Joint dysfunction results in sensitization of peripheral nerve 
receptors and nerve roots in the intervertebral foramen causing a central 
nervous system response affecting somato-somatic (muscle) and somato-
visceral reflexes. Spinal manipulation may intersect at any of these levels 
to affect change (Pickar, 2002).  
 
Biomechanical and physiological mechanisms underlie the ultimate effects 
of spinal manipulation such as a reduction in pain and restoration of 
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zygapophyseal joint mobility and joint play. Biomechanically, spinal 
manipulation restores joint mobility through mechanical correction of 
structural dysrelationships. Physiologically, spinal manipulation provides 
mechanical input to the innervated paraspinal tissues resulting in a 
decrease in nociceptive input which ultimately affects reflex activity, central 
neural integration and autonomic neuronal pools. As a result, spinal 
manipulation also has an indirect effect on visceral activity due to its 
effects on the autonomic nervous system (Babina et al., 2016; Masarsky 
and Todres-Masarsky, 2001; Pickar, 2002) 
 
 
Figure 2.7 The relationships between spinal manipulation, segmental 
biomechanics, the nervous system and physiology (Pickar, 2002) 
 
Stretching of the respiratory muscles, myofascial release and soft tissue 
massage increase movement in the ribcage and spine thereby improving 
lung function and circulation (Jung and Moon, 2015). Manual therapy to 
the diaphragm increases chest expansion due to increase mobility and 
flexibility (Jung and Moon, 2015). González-Álvarez et al. (2015) found a 
28 
 
significant increase in FVC, FEV1 and respiratory muscle strength 
immediately after diaphragm stretching.  
 
Babina et al. (2016) postulated that decreased rib cage expansion results 
in an altered muscle length-tension relationship of the respiratory muscles 
causing respiratory dysfunction. Manual therapies correct the structural 
relationships between the musculature and associated joints allowing for 
correction of muscle-length tension relationship and consequently 
improved respiratory capacities (Babina et al., 2016; Moreno et al., 2007). 
This supports the idea that manual therapy including chiropractic 
manipulation may affect the musculature involved in pulmonary ventilation.  
 
Postural and mechanical stressors alter connective tissue resulting in 
irregular arrangement and the formation of random crosslinks to adjacent 
connective tissue (Threlkeld, 1992). Consequently, this may impede chest 
expansion. Threlkeld (1992) demonstrated that posterior-anterior 
mobilization to the thoracic spine results in plastic deformation of the 
connective tissue resultantly increasing the mobility at the joints and 
improving respiratory function. Spinal manipulation also assists in 
connective tissue function by disrupting random crosslinks and promoting 
the correct composition and arrangement of collagen (Pickar, 2002). 
 
Finally, chiropractic manipulation may improve respiratory function by 
promoting autonomic activity including vasodilation, smooth muscle 
relaxation and increased blood flow (Shin and Lee, 2016). Babina et al. 
(2016) found that manual therapy such as chiropractic manipulation 
regulates the autonomic nerve supply to the respiratory system which 
consequently results in increases in FVC and FEV1. Spinal manipulation 
provides sensory input to the paraspinal tissues which is able to affect the 
sympathetic nervous system  and alter end-organ function mainly through 
somato-visceral reflexes (Masarsky and Todres-Masarsky, 2001; Pickar, 
2002).  
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Somatic dyspnoea was a term coined by Masarsky and Weber (1991) to 
describe clinical cases of dyspnoea which resolved on correction of joint 
restrictions and therefore were related to somatic dysfunctions. Some 
cases described included patients with mid-thoracic restrictions of motion 
that led the clinicians to suspect a restriction of rib excursion or 
disturbance of the sympathetic nerve supply to the lungs and/or bronchi. 
Somatic dyspnoea describes a symptom or subjective phenomenon that is 
not necessarily associated with measurable decreases in lung volumes. 
Following spinal manipulation patients with somatic dyspnoea experience 
a subjective improvement in breathing, although not necessarily 
accompanied by measurable changes in lung volume (Masarsky and 
Todres-Masarsky, 2001).  
 
Minor dysfunction within the neuromusculoskeletal may not necessarily 
lead to impairment resulting in symptomatic responses, however, may still 
influence optimal pulmonary ventilation. The importance of the 
neuromusculoskeletal system and its role in optimal pulmonary function 
cannot be overlooked.  
 
2.7 Conclusion 
Literature indicated a possible link that exists between lung function and 
the neuromusculoskeletal system. Studies have shown the importance of 
optimal respiratory mechanics including the optimum function of the 
muscles and joints involved in breathing. Chiropractic manipulation has 
been shown to possibly influence breathing, not only through the proposed 
effect on the muscles and joints involved in pulmonary ventilation, but also 
as a result of its proposed effect on the nervous system and the autonomic 
regulation of pulmonary ventilation. The clinical extent of the effect of 
chiropractic manipulation on pulmonary ventilation, especially in forced 
ventilatory circumstances such as exercise is yet to be explored.  
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CHAPTER 3: METHODOLOGY 
3.1 Introduction 
The purpose of this chapter is to outline the research process including the 
procedure and requirements applied to select the sample and treatment 
approach. The data collection process and instrumentation used to collect 
data is also described in this chapter, as well as ethical considerations 
applicable to this research.  
 
3.2 Study design 
This was a randomised, non-blinded, comparative intervention study. The 
study included a single intervention applied to a single group as well as a 
control group who received no intervention. 
 
3.2.1 Sample size and selection 
A maximum of thirty-seven participants were available for this study. Thirty 
participants were selected as the sample size.  
 
Participants were recruited from the first year student group enrolled for 
the Bachelor of Health Sciences in Emergency Medical Care at the 
University of Johannesburg in 2018. Choosing participants from a similar 
environment, undergoing similar physical challenges on a daily basis 
provides homogeneity to the sample and limits the number of variables 
between participants.  
 
The researcher approached the first year Emergency Medical Care 
students at one of their classes. The researcher explained all aspects of 
the study to the students and all individuals were supplied with an 
information sheet (Annexure A) and a consent form (Annexure B). Thirty 
individuals consented to take part in the study. The researcher made an 
appointment with each consenting individual for their first consultation. 
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All thirty consenting individuals met the inclusion criteria and did not 
present with any of the exclusion criteria on their first consultation and 
were selected for the study.  
 
3.2.2 Inclusion criteria 
All participants included in the study met the following inclusion criteria: 
• Aged 18-50 years. 
• Enrolled as first year Bachelor of Health Sciences in Emergency 
Medical Care at the University of Johannesburg.  
• Male or female. 
 
3.2.3 Exclusion criteria 
Individuals were excluded from participation in this study if they presented 
with the following: 
• Contra-indications to chiropractic manipulation (Bergmann & 
Peterson, 2011) 
o Anomalies such as dens hypoplasia or unstable os 
odontoideum 
o Acute infection such as osteomyelitis, septic discitis and 
tuberculosis of the spine 
o Atherosclerosis of major blood vessels 
o Vertebrobasilar insufficiency 
o Haematomas (spinal cord or intracanalicular) 
o Malignancy of the spine 
o Frank disc herniation with accompanying signs of 
progressive neurological deficit 
o Dislocation of a vertebra 
o Arnold-Chiari malformation of the upper cervical spine 
o Internal fixation devices 
o Positive Kernig’s or Lhermitte’s signs 
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o Aneurysm 
o Spinal cord and meningeal tumours 
o Fractures 
o Severe sprains or any signs of instability and hypermobility 
o Syringomyelia 
o Diastematomyelia 
o Cauda Equina Syndrome 
o Clotting disorders or anticoagulant therapy 
o Severe osteopenia (osteoporosis) 
o Space-occupying lesions 
o Spinal manipulation is contra-indicated only in the spinal 
region of the abnormality or pathology and the immediate 
vicinity thereof.  
• Pregnancy, as it is known to cause adaptive physiological changes, 
which may alter the data collected (Soma-Pillay, Nelson-Piercy, 
Tolppanen and Mebazaa, 2016). 
• Any pre-existing cardiovascular or respiratory conditions, including 
heart failure, angina pectoris, asthma, chronic obstructive 
pulmonary disease, cystic fibrosis, pulmonary or bronchial 
carcinoma, anaemia and vascular insufficiency. These conditions 
affect the cardiovascular and pulmonary systems; and result in 
adaptive physiological changes which may alter the data collected.  
 
3.2.4 Randomisation 
All participants were assigned a random number using Microsoft ® Excel 
(Microsoft Corporation, Washington, United States of America). 
Participants were then sorted according to the random number assigned, 
in ascending order. The first fifteen participants were assigned to Group A 
(intervention group) and received chiropractic manipulation. The second 
fifteen participants were assigned to Group B (control group) and received 
no treatment. 
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3.3 Treatment approach 
3.3.1 Initial consultation 
The initial consultation included the following procedures: 
 
• A consent form (Annexure C) specific to chiropractic manipulation 
and treatment at the University of Johannesburg Chiropractic Day 
Clinic. 
• A detailed medical history (Annexure D) of the individual, including 
familial medical history. 
• A full physical examination (Annexure E) including, the head and 
neck, abdomen, respiratory system, cardiovascular system, 
nervous system, musculoskeletal system and mental health. 
• A regional cervical and thoracic spine assessment (Annexure F) 
including myofascial and neurological aspects specific to those 
regions, as well as orthopaedic tests and chiropractic motion 
palpation of said regions. 
• A subjective, objective, assessment and treatment plan (SOAP) 
note (Annexure G), summarising the patient history, patient 
assessment, differential diagnosis and treatment plan. 
• Presentation of the individual’s case to the clinician on duty at the 
UJ Chiropractic Day Clinic and approval by said clinician to treat 
the individual according to the suggested treatment plan. 
 
The above process was performed in all participants, irrespective of the 
group they were allocated to. This was done in order to assess the various 
aspects of the inclusion and exclusion criteria of each individual, but also 
to ensure the safety of each participant and compliance with ethical 
considerations and formal procedures at the UJ Chiropractic Day Clinic. 
 
Participants in Group A (intervention group) underwent motion palpation to 
the thoracic spine and posterior ribs, during which restrictions of motion in 
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these areas were assessed and noted. Myofascial assessment was also 
performed to assess the muscles related to the cervical and thoracic spine 
for muscle hypertonicity, as prescribed by the above-mentioned regional 
examinations. Following motion palpation, chiropractic (high velocity-low 
amplitude) manipulation was delivered to the restrictions of motion found 
in the thoracic spine and posterior ribs. Chiropractic manipulation 
techniques (as described in chapter 2) used, included: 
 
• Thoracic spine (intervertebral restrictions of motions): Bilateral 
Thenar, Bilateral Hypothenar (Phalangeo-Metacarpal technique), 
Crossed Bilateral Transverse Hypothenar (Body drop technique), 
Transverse drop or Anterior Thoracic technique (same side or 
opposite side) (Bergmann and Peterson, 2002). 
• Ribs: Costal drop (Anterior Thoracic technique directed to the 
costotransverse joints), Hypothenar (Crossed bilateral body drop 
applied to costotransverse joints, Ilial hypothenar (Posterior rib 
technique), Covered Thumb technique (Bergmann and Peterson, 
2002). 
 
Spirometry readings of FVC and FEV1 were taken, using the Contec™ SP 
10 handheld spirometer (Contec Medical Systems Co., Ltd, China). 
Spirometry was done at the UJ Chiropractic Day Clinic in a well-ventilated 
room with open windows but without air conditioning. Participants were 
asked to inhale as deep as they could, seal their lips around a cardboard 
mouthpiece, inserted into the spirometer, and then exhale into the 
spirometer as fast and as hard as they could. Participants were required to 
repeat this process three times. The best reading was recorded. This 
process is in agreement with guidelines provided by Koegelenberg et al. 
(2013).  
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Participants from Group B (control group) also underwent motion 
palpation, examination of related musculature and spirometry as described 
above, however, they did not receive any chiropractic manipulation.  
 
3.3.2 Follow-up consultations 
Participants in both groups had six follow-up consultations. Participants 
from Group A underwent motion palpation and examination of related 
musculature on all follow-up consultations (consultations two to seven). 
Following examination, participants from Group A received chiropractic 
manipulation, as described for the initial consultation, on consultations two 
to six. Participants in Group A did not receive chiropractic manipulation on 
the final consultation. 
 
Spirometry readings of FVC and FEV1 were taken, as described above, 
from participants in Group A, at two follow-up consultations (consultations 
four and seven).  
 
Participants in Group B had two follow up visits, where motion palpation, 
examination of related muscles and spirometry, as described above 
occurred. These consultations coincided with the timeframe of 
consultations four and seven of Group A and were performed using the 
same technique and conditions as described for Group A. 
 
Consequently, participants from the control group were assessed at the 
beginning of week one, the end of week two and the beginning of week 
four. Participants from the intervention group were treated (consulted) 
twice per week for a total of three weeks, with consultation seven 
occurring in the fourth week. In order to make the process more 
manageable for the researcher, each group were further divided in half. 
This was only done for consultation purposes as the researcher was not 
able to consult with all fifteen participants from a particular group in one 
day. Table 3.1 describes the schedule at which consultations were done. 
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Table 3.1: Consultation schedule 
Week # Week 1 Week 2 Week 3 Week 4 
Day Mon Tue Wed Thu Mon Tue Wed Thu Mon Tue Wed Thu Mon Tue 
Control B1 B2  
   
B1 B2 
    
B1 B2 
Intervention A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 
Visit # Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 
Total 15 15 7 8 7 8 15 15 7 8 7 8 15 15 
 
3.3.3 Objective data 
a) Spirometry 
 
Objective data were collected by assessing pulmonary function using 
spirometry with the Contec™ SP 10 W handheld spirometer (Contec 
Medical Systems Co., Ltd, China). The following spirometric parameters 
were measured for this study: Forced Vital Capacity (FVC) and Forced 
Expiratory Volume in one second (FEV1). The spirometer used, indicated 
exact volumes in litres (L) with regards to FVC and FEV1, as shown in 
Figure 3.1.  
 
FVC is the maximum volume of air exhaled from the point of maximal 
inspiration when exhaling as fast as possible (forced expiratory effort) 
(Koegelenberg et al., 2013; Moore, 2012). FVC is a useful indicator for 
restrictive lung diseases, however it also indirectly reflects lung and chest 
compliance (Lutfi, 2017). FEV1 is forced vital capacity measured against 
time and in normal adults, occupies the first 75 to 80 percent of FVC 
(Bellamy et al., 2005; Koegelenberg et al., 2013).  
Reliability and validity 
Spirometry is an objective tool for the measurement of lung function 
(Grant, Corbett and Amjad, 1995; Guyton and Hall, 2011; Martini et al., 
2012). Spirometry consists of various parameters of which Forced Vital 
Capacity (FVC) and Forced Expiratory Volume in one second (FEV1) is 
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applicable in assessing post-manipulative lung function due to its ability to 
give an indication to restrictive patterns during breathing (Lutfi, 2017; 
Martini et al., 2012; Shin and Lee, 2016). Restrictive patterns during 
breathing may give indications to chest wall compliance (Lutfi, 2017). 
Chest wall compliance is affected by the functioning of the 
musculoskeletal system and its ability to influence chest expansion and 
ultimately pulmonary function.  
 
The American Thoracic Society and South African Thoracic Society 
described guidelines for spirometry to improve reliability and validity. 
Spirometers may lack accuracy and therefore minimum criteria for 
accurate use have been established by the American Thoracic Society. In 
terms of FVC and FEV1 spirometers are to be accurate within ± 3% or 
0.050 Liter (L) of the reading, whichever is greater (Koegelenberg et al. 
2012; Miller et al., 2005). In terms of quality assurance many within-
manoeuvre and between-manoeuvre criteria need to be adhered to as 
indicated in Table 3.2 (Miller et al., 2005). Barreiro and Perillo (2004) also 
suggest obtaining three acceptable spirometric values to increase the 
validity of values recorded. 
 
Table 3.2 Summary of within-manoeuvre criteria (Miller et al., 2005) 
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Contec™ SP 10 W 
The Contec™ SP 10 W is a handheld spirometer enabled to measure 
forced vital capacity (FVC), forced expiratory volume in one second 
(FEV1), the ratio of FEV1 and FVC (FEV1%), peak expiratory flow (PEF), 
25% flow of the FVC (FEF25), 75% flow of the FVC(FEF75) and average 
flow between 25% and 75% of the FVC(FEF2575) (Contec Medical 
Systems CO., LTD., 2018). Flow rate-volume charts and volume-time 
charts are also generated and a trend chart is available (Contec Medical 
Systems CO., LTD., 2018).  
 
Table 3.2 
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Figure 3.1 Contec™ SP 10 W handheld spirometer (Contec Medical 
Systems CO., LTD., 2018). 
 
The Contec™ SP 10 W, as shown in Figure 3.1, has a volume accuracy of 
3% or 0.05 liter (L); and a flow accuracy of 10% or 0.3 litres per second 
(L/s) according to Blue Elite®. These specifications are in accordance with 
guidelines recommended by the American Thoracic Society in terms of 
validity and accuracy for spirometers. 
3.4 Data analysis 
Data were recorded using Microsoft® Excel (Microsoft Corporation, 
Washington, United States of America). All data were analysed by an 
independent biological statistical consultant; however, the interpretation of 
all data was completed by the researcher. The analysis included 
descriptive statistics regarding age and gender. Percentage change, in 
mean volumes of FVC and FEV1, between visit one and visit seven, was 
used to assess changes within groups. 
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The parameters tested during the clinical study included forced expiratory 
volume in one second (FEV1) and forced vital capacity (FVC). The 
Shapiro-Wilk test was used to test for normality in the distribution of the 
data obtained (Wilk and Shapiro, 1965). The two-sample dependent t-test 
was used to test for statistical differences between the measurements 
made at visit one and visit seven within groups (De Winter, 2013; Gerald, 
2019). The Analysis of Variance (ANOVA) test was used to test for 
statistical differences in the measurements of visit one between groups; 
whereas, the Linear Mixed Model analysis (REML analysis) was used to 
test for statistical differences in the measurements of visit seven between 
groups (Fisher, 1921; Freund, Wilson and Mohr, 2010). This analysis was 
used as the data was unbalanced (not the same number of replicates per 
gender and per group) (Freund et al., 2010).  
 
3.5 Ethical considerations 
Ethically, students form part of a vulnerable population due to the 
hierarchical relationship within the institution. The Head: Institutional 
Planning, Evaluation and Monitoring, as well as the Head of Department of 
Emergency Medical Care, consented to the inclusion of students from the 
University of Johannesburg as participants in this study.  
 
Work-related environment and physical activity of participants influence 
their pulmonary function. Emergency Medical Care students performed an 
essential role within this study, as all participants were in similar 
environments and performed similar physical activities for the duration of 
the study, adding validity to the study by eliminating previously mentioned 
variables.  
 
All participants were provided with an information form (Annexure A) and a 
research consent form (Annexure B) as well as a separate consent form 
relating to chiropractic manipulation (Annexure C). Participants were 
required to sign both consent forms before taking part in this study. 
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The information and consent forms provided an outline of the name of the 
researcher (Michelle Kleyn), the purpose of the study and the benefits of 
partaking in the study. Participant assessment and treatment procedure; 
any risks, benefits and discomforts pertaining to the treatments involved 
were also explained prior to the commencement of the study. Participants 
were ensured of their safety throughout the study’s duration (prevention of 
harm).  
 
The information and consent form also explained that the participant’s 
privacy will be protected by ensuring their confidentiality when compiling 
the research dissertation. Identifying information on the data sheet were 
removed once the data analysis commenced. All data and back-ups 
thereof were kept in password protected folders and/or locked away as 
applicable. Only the researcher and research supervisor were authorised 
to use and/or disclose confidential information in connection with this 
research study. Any other person wishing to work with confidential 
information as part of the research process (e.g. an independent data 
coder) were required to sign a confidentiality agreement before being 
allowed to do so.  
 
The participants were informed that their participation is on a voluntary 
basis and that they were free to withdraw from the study at any stage. If 
participants had any further questions, these were explained by the 
researcher and contact details were made available. Results of the study 
will be available on request. 
 
With regards to this particular study, no risks were anticipated as 
participants were carefully screened, prior to selection, to not have any of 
the exclusion criteria. Benefits of this particular study included: relief from 
musculoskeletal pain and muscle spasms within the rib cage and thoracic 
spinal region; as well as increased range of movement in the thoracic 
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spine. Possible discomforts with regards to this particular study may have 
included: muscle pain and stiffness, especially of the midback, headaches 
and some discomfort may have been experienced during the delivery of 
the manipulation. Participants were shown to do stretching exercises and 
apply heat post-treatment to prevent possible discomfort. Participants in 
the control group received treatment at no cost, if they required or 
requested such, once the study were concluded. 
 
Participants were referred to the clinician on duty at the UJ Chiropractic 
Day Clinic when necessary. 
 
This study was approved by the University of Johannesburg’s Higher 
Degrees (Annexure I) and Research Ethics Committees (NHREC 
registration no: REC-241112-035) (Annexure H). This study was submitted 
to anti-plagiarism software, Turnitin, and was found to have 15% similarity 
(Annexure J).  
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CHAPTER 4: RESULTS 
4.1 Introduction 
This chapter includes the presentation of the data obtained during the 
clinical study. The data were analysed as described in chapter 3. The data 
were analysed by a qualified biometric statistician, using the statistical 
program GenStat®; however, the data were interpreted by the researcher 
(VSN International, 2017). Statistical significance for all results and 
comparisons were set at a 95% confidence interval (p≤0.05). 
 
4.2 Normality tests 
Statistical procedures, including parametric tests, assumes the data 
obtained follows a normal distribution; that is, the assumption that the 
population from which the samples were taken were normally distributed. 
The Shapiro-Wilk test, amongst others, compares the scores in the sample 
to a normally distributed set of scores with the same mean and standard 
deviation. The null hypothesis of the Shapiro-Wilk test is that the sample 
distribution is normal. If the test is significant (p≤0.05), it indicates the 
distribution is non-normal. Most researchers regard the Shapiro-Wilk test 
as the best choice for normality testing especially in smaller sample sizes 
(n<30) (Ghasemi and Zahediasl, 2012). 
 
The Shapiro-Wilk test for normality was performed on the data for forced 
vital capacity (FVC) and forced expiratory volume in one second (FEV1) at 
visit one and seven.  
 
Table 4.1 Results of Shapiro-Wilk test for normality 
 
 Visit 1 Visit 7 
FVC p = 0.523 p = 0.657 
FEV1 p = 0.494 p = 0.441 
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Table 4.1 indicate the results of the Shapiro-Wilk test performed on the 
data. Visit one’s data yielded a probability of p = 0.523 for FVC and p = 
0.494 for FEV1. This indicated that the data for visit one was normally 
distributed (p>0.05) and consequently parametric tests were performed on 
the data. 
 
The Shapiro-Wilk test performed on the data for visit seven yielded p = 
0.657 for FVC and p = 0.441 for FEV1. This indicated that the data for visit 
seven was normally distributed (p>0.05) and consequently parametric 
tests were performed on the data. 
 
4.3 Demographic analysis 
The demographic analysis included descriptive statistics of age and 
gender. As per Table 4.2, a total of 30 participants were selected for the 
study, divided equally and randomly into Group A and Group B.  
 
Group A consisted of 10 female and 5 male participants. The mean age of 
participants in Group A was 19.53 (SD ± 1.302) years of age. 
 
Group B consisted of 7 female and 8 male participants. The mean age of 
participants in the Group B was 19.80 (SD ± 2.145) years of age.  
 
A total of 17 females and 13 males participated in the study. The minimum 
age for all participants was 18 years of age and the maximum age for all 
participants was 26 years of age. The mean age for all participants was 
19.67 (SD ± 1.749) years of age.  
 
Table 4.2 Demographic data (Age in years ± standard deviation) 
 
 Group A Group B Combined 
Participants 15 15 30 
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Female 10 7 17 
Male 5 8 13 
Mean age 19.53 (SD ± 
1.302) 
19.80 (SD ± 
2.145) 
19.67 (SD ± 
1.749) 
Minimum age 18 18 18 
Maximum age 22 26 26 
 
4.4 Intragroup analysis 
4.4.1 Forced vital capacity (FVC) 
Group A 
Table 4.3 Group means (volume in litres (L) ± standard deviations) 
and results for intragroup and intergroup analysis 
Measurements made after the first visit were highly correlated with that of 
the first visit measurements, as it is not possible to choose candidates with 
exactly the same physiological baselines for such a study. Means were 
adjusted due to the strong linear relationship using a covariate model. 
 
  Group 
Baseline 
(visit 1) 
Final (visit 
7) 
Percentage 
change 
from visit 1 
to 7 
Differences 
within 
groups 
FVC 
(L) A 3.21 ± 0.804 3.12 ± 0.861 -2.80% p = 0.956 
          
  B 3.03 ± 0.898 3.11 ± 0.919 2.64% p = 0.884 
          
  
Differences 
between 
groups 
p = 0.563 p = 0.730 
 
  
           
FEV1 
(L) A  2.85 ± 0.527 2.93 ± 0.611 2.81% p = 0.291 
          
  B 2.77 ± 0.785 2.72 ± 0.827 -1.44% p = 0.421 
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Differences 
between 
groups 
p = 0.752 p = 0.024 
 
  
           
 
Table 4.3 indicates the mean volume in litres (L) for FVC, for Group A, at 
visit one (baseline value) was 3.21 L (SD ± 0.804 L). The FVC of Group A 
at visit seven (final visit) was 3.12 L (SD ± 0.861 L). The percentage 
change in FVC from visit one to visit seven, for Group A, was a decrease 
of 2.80%, as indicated in Table 4.3. 
 
The t-test refers to a statistical procedure to determine the probability of 
rejecting the null hypothesis that two means are the same. The t-test is a 
parametric test and therefore assumes that the population from which the 
sample was drawn is normally distributed. The t-test may only be applied if 
the sample size is small (n≤30) (Gerald, 2019). 
 
The two-sample dependent t-test was performed in order to compare the 
means of FVC within Group A over time. The results yielded a probability 
of p=0.956 and were not statistically significant (p>0.05).  
 
Group B 
 
The mean volume for FVC, for Group B, at visit one was 3.03 L (SD ± 
0.898 L), as indicated in Table 4.3; whereas the mean volume at visit 
seven was 3.11 L (SD ± 0.919 L). The percentage change, from visit one 
to visit seven, in mean volume for FVC within Group B was an increase of 
2.64%, as indicated in Table 4.3.  
 
In order to compare the mean volumes for FVC over time, for Group B, the 
two-sample dependent t-test was performed and yielded a result of 
p=0.884. This is not considered statistically significant (p>0.05). 
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4.4.2 Forced expiratory volume in one second (FEV1) 
Group A 
 
The mean volume for FEV1 at visit one, for participants in Group A, was 
2.85 L (SD ± 0.527 L). Table 4.3 indicates the mean volume of FEV1, for 
participants in Group A at visit seven, was 2.93 L (SD ± 0.611 L). As 
indicated in Table 4.3, the percentage change over time, in the mean 
volumes of FEV1, for Group A was an increase of 2.81%. 
 
In order to compare the mean volumes for FEV1, within Group A, over 
time, the two-sample dependent t-test was performed and yielded a 
probability of p=0.291. This is not considered statistically significant 
(p>0.05). 
 
Group B 
 
The mean volume for FEV1 at visit one, for Group B, was 2.77 L (SD ± 
0.785 L); whereas for visit seven, the mean volume was 2.73 L (SD ± 
0.827 L). Table 4.3 indicates the percentage change over time, for FEV1 
regarding Group B, to be a decrease of 1.44%. 
 
The two-sample dependent t-test was performed to determine the 
difference in mean volumes of FEV1, in Group B, over time. As indicated in 
Table 4.3, the probability was p=0.421 and is not considered statistically 
significant (p>0.05). 
 
4.5 Intergroup analysis 
4.5.1 Forced vital capacity (FVC) 
 
Analysis of Variance, also known as the ANOVA test, is a technique used 
to analyse the effect of various factors on the mean of a specific variable 
(Bewick, Cheek and Ball, 2004). ANOVA was used to test for differences 
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between groups for visit one. The ANOVA test yielded a probability of 
p=0.563, as shown in Table 4.3. This is not considered statistically 
significant (p>0.05). 
 
The Linear Mixed Model analysis, also known as the REML analysis, was 
used to test for differences in FVC, between groups, for visit seven. The 
REML analysis was used as the data were unbalanced (not the same 
number of replicates per group) (Freund, Wilson and Mohr, 2010). The 
measurements made after the first visit were highly correlated with that of 
the first visit measurements, consequently these were added as a 
covariate to the model to adjust for this strong linear relationship. A strong 
linear relationship exists as it is not possible to choose candidates with 
exactly the same physiological baseline for such a study.  
 
A probability of p=0.730 for FVC at visit seven resulted when the REML 
analysis was applied. This is not considered statistically significant 
(p>0.05). 
 
4.5.2 Forced expiratory volume in one second (FEV1) 
The ANOVA test was used to test for differences, between groups for visit 
one, with regards to FEV1. The ANOVA test yielded a probability of 
p=0.752, as shown in Table 4.3. This is not considered statistically 
significant (p>0.05). 
 
The REML analysis was used to test for differences in FEV1, between 
groups, for visit seven and yielded a probability of p=0.024; which is 
considered statistically significant (p≤0.05). 
 
4.6 Conclusion 
This chapter focused on the presentation of the data and results of the 
statistical tests applied to the data. The results presented indicated no 
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statistical significance (p>0.05); however, an important factor to consider is 
that statistical insignificance does not necessarily relate to clinical 
insignificance. The clinical significance of the results will be discussed in 
chapter 5. 
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CHAPTER 5: DISCUSSION 
5.1 Introduction 
This chapter includes a discussion of the demographic data and objective 
data as presented in chapter four. This chapter will also elaborate on the 
clinical significance of the results obtained. Clarifications will be provided 
to substantiate the implications of the data obtained during this research 
study. 
 
5.2 Demographic analysis 
Participants varied in age between 18 and 26 years of age. The mean age 
for both groups were 19.67 years of age (19.53 years for the intervention 
group and 19.80 years for the control group). 
 
Previous research studies have shown age to have an effect on 
respiratory function parameters such as FVC and FEV1 (Janssens, 2005; 
Vaz Fragoso & Gill, 2012). Research indicates a plateau in lung function, 
with regards to aging, between the ages of 18 and 25 years (Janssens, 
2005). In this study, most participants were younger than 25 years and 
therefore age should not be considered a factor influencing the results.  
 
Females represented 57% of the participants in this study, whereas males 
represented 43% of the participants. The intervention group had more 
females than males (67% female and 33% male); whereas the control 
group had more males than females (47% female and 53% male). The 
aim of this study was not to focus on gender differences specifically, 
however it is important to take note of the anatomical and physiological 
differences between genders. Females have a smaller cross-sectional 
area, lateral diameter and antero-posterior diameter when considering the 
ribcage, smaller diaphragm and total lung volume (Bellemare, Jeanneret & 
Couture, 2003; LoMauro & Aliverti, 2018).  
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5.3 Intragroup analysis 
5.3.1 Forced vital capacity (FVC) 
Intervention group 
The initial FVC mean volume was 3.21 L and the final mean volume was 
3.12 L, consequently a decrease of 90 ml. A percentage decrease of 
2.80% in FVC occurred in the intervention group. A probability of p=0.956 
indicated the changes were not statistically significant (p>0.05) over the 
course of the treatments.  
 
Considering previous research studies, an increase in FVC in the 
intervention group was expected (Abdelaal et al., 2015; Babina et al., 
2016). In contrast, the results obtained in this study indicated a decrease 
in FVC of 2.80%. This may imply that chiropractic manipulation has 
negative effects on FVC. The literature described increases of 4.30% in 
FVC; however this was in respect of diaphragmatic manipulation and rib 
mobilization techniques in pathological populations (Abdelaal et al., 2015; 
Babina et al., 2016). This study included healthy individuals as participants 
and focused on manipulation to the thoracic spine and ribs in isolation. 
 
Literature indicates a minimal clinically important difference (MCID) in FVC 
to be 2-6%; however, MCID’s are established using a pathological 
population, in contrast to this study (Du Bois et al., 2011). 
 
The results obtained in this study are not aligned to previous studies of a 
similar nature. It is noteworthy that past studies included more treatment 
sessions ranging from a minimum of ten treatments to as much as twenty-
four treatments; whereas this study only included six treatments. Studies 
examining the immediate effects pre- and post-treatment focused on 
manual therapy applied to the diaphragm rather than chiropractic 
manipulation as performed in this study (González-Álvarez et al., 2015; 
Shin & Lee, 2016). 
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Considering previous literature and the results obtained in this study, 
chiropractic manipulation on its own may not be sufficient to improve FVC, 
however when combined with other manual therapies such as 
diaphragmatic mobilization may be beneficial.  
 
At least 2 participants were diagnosed (and treated with antibiotic 
medication), by a General Practitioner, with pneumonia between visits two 
and four of this study. Studies have shown that the presence of 
pneumonia can result in decreased FVC but unchanged FEV1 ( Johnson 
and Theurer, 2014; Ranu, Wilde and Madden, 2011).This may have 
contributed to a restrictive effect in terms of lung expansion and 
compliance in some participants (Johnson & Theurer, 2014).  
 
As prescribed by the UJ Chiropractic Day Clinic and described in chapter 
three, participants underwent a full physical examination and regional 
examination of the cervical and thoracic spine on their first consultation. 
Although myofascial function and posture were not a focus in this research 
study, the researcher noted hypertonicity in the rhomboid, 
sternocleidomastoid and scalene muscles, important accessory respiratory 
muscles, in some participants. Literature describes the musculoskeletal 
changes occurring in COPD patients to be similar to those in individuals 
with poor posture (as described in chapter 2). Postural changes such as 
an anterior head carriage, increased thoracic kyphosis and rounding of the 
shoulders result in hypertonicity of the accessory respiratory muscles and 
contraction of the cervicothoracic fascia. These changes decrease the 
ability of the respiratory muscles to generate force of contraction and 
increase the effort of breathing (Cruz-Montecinos et al., 2017). Although 
unrelated to the aim of this study, it is possible that these factors may have 
been involved in the generation of the unexpected decrease in FVC. 
 
The Petty Coat Lane (PCL) rescue challenge was completed by all first 
years enrolled in the Emergency Medical Care degree at the UJ 
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(Department of Emergency Medical Care, 2018). PCL is a physically and 
mentally demanding challenge with various obstacles and tasks set to 
push participants to their limits (Department of Emergency Medical Care, 
2018). All participants from this study took part in the PCL challenge, 
which was held between visits two and four of the clinical study.  
 
Muscle fatigue is known as a reversible loss of capacity for developing 
force or velocity in a muscle as a result of muscle activity under a load 
(Romer & Polkey, 2008). Nerve stimulation techniques have proven the 
abdominal muscles and diaphragm are susceptible to fatigue (Romer & 
Polkey, 2008). High intensity exercise for at least 10 minutes was shown 
to result in inspiratory muscle fatigue, whereas whole body exercise was 
shown to induce abdominal muscle fatigue (Romer and Polkey, 2008; 
Williams, O’Keefe and Ferris, 2005). Inspiratory muscles are susceptible to 
developing delayed onset muscle soreness (DOMS), peaking 24 hours 
after inspiratory muscle loading (Mathur, Sheel, Road and Reid, 2018). 
Combining the facts known about PCL and respiratory muscle fatigue, the 
possibility exists that participants from this study may have experienced 
respiratory muscle fatigue following the physical demands from PCL and 
resultantly may have exhibited decreased FVC.  
 
The proposed theory regarding respiratory muscle fatigue and a 
consequent decrease in FVC is further supported by the knowledge that 
maximal inspiratory and expiratory pressures are dependent on the force 
generation capability of the respiratory muscles (Lanza et al., 2013). The 
anterior neck muscles, including the SCM and scalene muscles have an 
important role in respiratory mechanics and were shown to experience 
DOMS following inspiratory muscle loading (Han et al., 2016; Mathur et al., 
2018). The importance of the diaphragm and abdominal muscles in forced 
breathing was also highlighted in the literature review. Studies regarding 
how long the respiratory muscle fatigue lasts, the effects thereof on 
respiratory function and the extent of muscle damage usually 
54 
 
accompanying DOMS in the respiratory muscles are still to be conducted. 
Considering the above, it may be extrapolated that participants in this 
study may have suffered from respiratory- and accessory respiratory 
muscle fatigue, as a result of the physical demands of the PCL challenge 
amidst the clinical study. This may not itself have resulted in the 
unexpected results, however, it may have been a possible contributing 
factor  
 
The above-mentioned factors may provide some theoretical explanation 
for the unexpected results. Based on the evidence provided by the results 
of this study however, the decrease in FVC in the intervention group 
cannot be explained by the researcher. Further research is warranted to 
provide evidence regarding the suggested theories.  
 
In regards of the aim of this study, it is proposed that chiropractic 
manipulation results in a decrease in FVC. As this result contradicts the 
results of similar studies conducted, further studies should be done to 
determine the effect of chiropractic manipulation on FVC in healthy 
participants. 
 
Control group 
 
The initial mean volume was 3.03 L and the final mean volume was 3.11 
L, consequently an increase of 80 ml. A percentage increase of 2.64% in 
FVC occurred in the control group. A probability of p=0.884 (p>0.05) 
indicates that a statistically significant change in FVC did not occur over 
the course of the treatments.  
 
Based on previous research, it was expected that FVC, in the control 
group were to remain unchanged or decrease (Abdelaal et al., 2015; 
Engel and Vemulpad, 2007; González-Álvarez et al., 2015).  In this 
research study, however, an increase occurred in the control group. In 
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previous studies on healthy individuals, FVC remained unchanged; 
whereas FVC decreased in studies focusing on patients with pathology. 
The above-mentioned studies mainly made use of manual therapy and 
diaphragmatic mobilization, whereas this study’s aim was chiropractic 
manipulation in isolation.  
 
The increase in FVC in the control group cannot be explained by the 
researcher. The possibility exists that unknown external factors or 
limitations of this study may have been the cause. Further studies should 
be done to investigate this phenomenon. 
 
5.3.2 Forced expiratory volume in one second (FEV1) 
Intervention group 
The initial mean volume was 2.85 L and the final mean volume was 2.93 
L, with a percentage increase of 2.81%. An increase of 80 ml occurred in 
FEV1 in the intervention group. A probability of p=0.291 (p>0.05) indicates 
that a statistically significant change in FEV1 did not occur over the course 
of the treatments.  
 
An increase in FEV1 was anticipated in group A, when considering past 
literature. Few similar studies including healthy individuals have been 
done. Engel and Vemulpad (2007) conducted a study to compare the 
effects of manual therapy and exercise on pulmonary function; however, 
the results merely indicate the manual therapy group experienced a 
statistically significant increase in FEV1. Previous research, conducted 
with individuals suffering from pathologies such as COPD and chronic 
neck pain, indicated that increases in FEV1 between 120 millilitres to as 
much as 1 litre may have been expected (González-Álvarez et al., 2015; 
Hwangbo et al., 2014). In this study an increase of only 80ml occurred, 
however, this increase occurred in healthy individuals. 
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The American Thoracic Society task force has defined a range of 100 
millilitres to 140 millilitres as minimal clinically important differences for 
FEV1 (Jones et al., 2014). The task force defined a change in FEV1 of less 
than 3% to not be clinically important, whereas changes of between 5% 
and 10% are considered clinically important (Jones et al., 2014). The 
results obtained in this study indicated a percentage increase of 2.81%, 
which would be considered clinically insignificant; however, as mentioned 
previously, MCIDs are based on improvements in patients with diagnosed 
lung pathology. Guidelines regarding MCIDs in healthy subjects have not 
been established yet.  
 
The improvements in this study were only 20 ml less than the established 
MCIDs. Although not conclusive, the results of this study do indicate that 
chiropractic manipulation is able to have a positive and possibly clinically 
significant effect on FEV1 in healthy individuals. The possibility of 
achieving the MCIDs may have been increased through more 
manipulations over a longer period of time. 
 
As discussed in the literature review, significant correlation exists between 
chest wall mobility and expiratory volumes (Lanza et al., 2013). Decreased 
rib cage expansion may be as a result of joint dysfunction in the 
costovertebral- and costotransverse joints and the thoracic spine facet 
joints; and altered muscle-length tension relationships of the respiratory 
muscles (Babina et al., 2016; Lee et al., 2010; Vaz Fragoso and Gill, 
2012). Chiropractic manipulation is able to directly improve joint movement 
in terms of quality and quantity (Bergmann and Peterson, 2002; Lehman 
and McGill, 2001; Millan et al., 2012; Potter et al., 2005;). This is the first 
proposed theory of how chiropractic manipulation in this study contributed 
to the improvement in FEV1.  
 
Literature described that decreased rib cage excursion alters the optimal 
muscle-length tension relationships of the respiratory musculature, 
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resulting in decreased force generation in these muscles (Babina et al., 
2016; Vaz Fragoso and Gill, 2012). The reverse may also be true. 
Consequently, if the muscle-length tension relationship is altered, for 
example due to joint dysfunction or postural changes, rib cage excursion 
may be decreased resulting in decreased expiratory volumes (Han et al., 
2016 ; Lee et al., 2010). The myofascial cycle described the integral 
relationship between muscle, fascia and joint dysfunction (Bergmann & 
Peterson, 2002). Consequently, it may be extrapolated that joint 
dysfunction of the thoracic spine facet joints, costovertebral- and 
costotransverse joints may affect muscle-length tension relationships of 
the related respiratory musculature and may consequently decrease rib 
cage expansion, thereby affecting optimal pulmonary ventilation.  
 
The physiological effects of chiropractic manipulation results in restoration 
of optimal muscle-length tension relationships (Bergmann and Peterson, 
2002; Pickar, 2002;  Threlkeld, 1992). Resultantly, the chiropractic 
manipulation applied in this research may have restored optimal force 
generation of the respiratory musculature, thereby indirectly facilitating 
greater expiratory volumes. This is the second proposed theory of how 
chiropractic manipulation in this study contributed to the improvement in 
FEV1.  
 
The ability of chiropractic manipulation to affect somato-somatic and 
somato-visceral reflexes was also described in chapter 2 (Pickar, 2002). 
The sensory input provided by chiropractic manipulation may have altered 
end-organ function through somato-visceral reflexes (Masarsky and 
Todres-Masarsky, 2001; Pickar, 2002). Spinal manipulation also affects 
autonomic reflex activity, as described in chapter 2 (Babina et al., 2016; 
Masarsky and Todres-Masarsky, 2001; Pickar, 2002). The chiropractic 
manipulation applied in this study may have had an indirect effect on 
visceral activity due to its effect on the autonomic nervous system. This is 
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the third proposed theory of how chiropractic manipulation in this study 
contributed to the improvement in FEV1. 
 
Figure 5.1 summarises the integral relationship between the 
musculoskeletal system and the respiratory system. This is a proposed 
mechanism of the link between musculoskeletal and respiratory pathology. 
Chiropractic manipulation may intersect at any level to improve respiratory 
pathology. 
 
In summary, chiropractic manipulation in this study may have improved 
participants’ rib cage expansion and mobility, by restoration of joint 
function and muscle length-tension relationships of respiratory 
musculature, accompanied by greater force generation, allowing greater 
expiratory volumes (FEV1).  
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Figure 5.1 The integral relationship between the 
neuromusculoskeletal system and respiratory function 
 
Control group 
 
The initial mean volume was 2.77 L and the final mean volume was 2.73 
L, with a percentage decrease of 1.44%. A decrease of 40 ml occurred in 
FEV1, in the control group. A probability of p=0.421 (p>0.05) indicates that 
a statistically significant change in FEV1 did not occur, within the control 
group, over the course of the treatments.  
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Previous literature, including healthy individuals similar to this study, 
indicated that no change was to be expected in the control group; whereas 
studies including patients with pathology, noted a slight decrease in FEV1 
(Abdelaal et al., 2015; Engel and Vemulpad, 2007; González-Álvarez et 
al., 2015). A correlation therefore exists between previous findings 
regarding individuals with pathology and the findings of this study. When 
considering the MCIDs, as described above, the decrease of 40ml would 
not have resulted in a clinical decrease in pulmonary ventilation. The 
unexpected decrease in healthy individuals cannot be explained by the 
researcher, however, as the decrease was statistically and clinically 
insignificant, it may be negligible.  
 
5.4 Intergroup analysis 
5.4.1 Forced vital capacity (FVC) 
Group mean differences for visit one were not statistically significant with 
p=0.563. This is an important finding, as it demonstrates that participants 
did not vary significantly, from a physiological perspective, with regards to 
baseline FVC. Group mean differences for visit seven were not statistically 
significant with p=0.730.  
 
Few studies similar to this study, including healthy individuals, have been 
done. González-Álvarez et al. (2015) found that diaphragmatic stretching 
resulted in a statistically significant (p≤0.05) increase in FVC compared to 
the control group. Engel and Vemulpad (2007) found a statistically 
significant (p≤0.05) increase in FVC in healthy participants receiving 
manual therapy compared to the control group. Other studies conducted 
on individuals with pathology such as COPD, chronic neck- and low back 
pain, also found statistically significant changes in FVC, after the 
application of manual therapy. The study conducted by Engel and 
Vemulpad (2007), was the only similar study to include high velocity, low 
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amplitude (HVLA) techniques such as those in this study. Considering the 
literature, it was expected that FVC in the intervention group would have 
increased significantly when compared to the control group; however, the 
results did not indicate a statistically significant difference between the two 
groups (p>0.05).  
 
The contradictory results cannot be explained by the researcher. 
Considering most comparable studies included manual therapy to the 
diaphragm, it is possible that chiropractic manipulation alone may not be 
able to create a statistically significant change in FVC. The possibility also 
exists that unknown external factors or limitations of this study may have 
been the cause of the results. Further studies should be done to 
investigate this phenomenon. 
 
5.4.2 Forced expiratory volume in one second (FEV1) 
Group mean differences for visit one were not statistically significant with 
p=0.752. Again, this is an important factor to consider as it indicates that 
minimal differences were present in the baseline FEV1 of participants. 
 
Group mean differences for visit seven were statistically significant with 
p=0.024. Previous research indicates that statistically significant (p ≤0.05) 
changes were to be expected, however these studies included larger 
sample sizes, more treatment sessions and individuals with pathology 
such as COPD (Abdelaal et al., 2015; Babina et al., 2016; Engel and 
Vemulpad, 2007; Shin and Lee, 2016). A correlation therefore exists 
between the results of this study and previous research of a similar nature. 
 
As described previously, chiropractic manipulation, applied to participants 
of the intervention group, may have improved their rib cage excursion in 
two ways. Firstly, chiropractic manipulation in itself is able to restore 
motion in the above mentioned joints (Bergmann and Peterson, 2002; 
Lehman and McGill, 2001; Millan et al., 2012; Potter et al., 2005). 
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Secondly, chiropractic manipulation is able to restore optimal muscle-
length tension relationships, allowing greater force generation of the 
respiratory musculature, thereby producing greater expiratory volumes 
(Bergmann and Peterson, 2002; Pickar, 2002; Threlkeld, 1992). 
Chiropractic manipulation is also able to affect somato-visceral reflexes 
and autonomic reflex activity, which may contribute to increased FEV1 
(Masarsky and Todres-Masarsky, 2001; Pickar, 2002). The above-
mentioned theories were described in detail previously in this chapter. 
 
In contrast, participants in the control group experienced a decrease in 
FEV1 for the reasons described previously in this chapter; thereby 
contributing to the significant difference between the groups. Although not 
conclusive, the results have indicated that chiropractic manipulation 
applied to the thoracic spine and ribs may be able to increase FEV1 in 
healthy individuals. 
 
5.5 Conclusion 
The results of the statistical analysis, as presented in chapter 4, were 
discussed in detail in this chapter to provide the reader with a better 
understanding of the implications of the results and the mechanisms that 
may have been involved. 
 
In summary, changes in FVC in both groups were statistically insignificant 
(p>0.05); however, the difference between groups for FEV1 at visit seven 
was statistically significant (p≤0.05). Findings, in some cases, were 
unexpected compared to previous literature, such as the increase in FVC 
for the control group, but a decrease for the intervention group. 
Unexpected results may be attributed to various external and individual 
physiological factors. Although this study delivered mixed results, it has 
indicated that further in-depth research is warranted to determine the 
mechanisms by which chiropractic manipulation influences the respiratory 
system and to what extent.   
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS 
6.1 Conclusion 
The study aimed to establish whether chiropractic manipulation applied to 
the thoracic spine and costotransverse joints would have an effect on 
pulmonary function, in first year emergency medical care (EMC) students.  
 
The results of the clinical study indicated improvement in FEV1 of the 
intervention group and a statistically significant difference between groups 
at visit seven. Unexpected results indicated a decrease in FVC in the 
intervention group and an increase in the control group. 
 
Although the results of the study were mixed and, in some respects, not 
representative of previous literature, evidence showed that chiropractic 
manipulation influences pulmonary ventilation in healthy individuals, 
especially FEV1. The magnitude of the effects and the mechanisms by 
which the effects are accomplished are not clear and future studies should 
aim to provide evidence regarding these unknown factors.  
 
The results of this study were not conclusive; however, chiropractic 
manipulation applied to the thoracic spine and ribs seems to have a 
positive effect on FEV1 in healthy individuals. Chiropractic manipulation 
may be a useful auxiliary intervention to assist emergency care providers 
in obtaining optimal pulmonary function.  
 
6.2 Limitations 
• The Petty Coat Lane rescue challenge, which included all 
participants of this study, took place between consultation two and 
four of the clinical study. This may have influenced the results 
obtained. 
• Hypertonicity (a coincidental finding) in accessory respiratory 
musculature may have influenced the results. 
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• Pneumonia, diagnosed in some participants, between visits two and 
four, may have influenced the results. 
• All participants followed a physical training program prescribed by 
the Department of Emergency Medical at the UJ, however 
participants were not limited to the prescribed program. Some 
participants may have completed physical training beyond the 
prescribed program, which may have influenced the results. 
• Participant compliance was not good. Participants in the 
intervention group were supposed to receive treatment twice a 
week, however this schedule was rarely adhered to. Participants in 
the intervention group were mostly treated once per week. This may 
have influenced the effectiveness of the intervention and therefore 
the results thereof. 
 
6.3 Recommendations 
The following recommendations may be taken into consideration for the 
purpose of improving this study to obtain more significant and conclusive 
data: 
• A larger sample size per group (n≥50) may give a more accurate 
representation of the population. 
• Inclusion of more treatments, for example 8-10 treatments in 
correlation with previous research (Abdelaal et al., 2015; Babina et 
al., 2016 ; Engel and Vemulpad, 2007). 
• Inclusion of diaphragmatic treatment such as diaphragmatic release 
and diaphragmatic stretching as per previous research (Abdelaal et 
al., 2015; González-Álvarez et al., 2015). Combining chiropractic 
manipulation and diaphragmatic treatment may have a larger effect 
on pulmonary function in healthy individuals. 
• Addition of surface electromyography (sEMG) as an objective 
measuring device with regards to respiratory muscle function 
(Hawkes, Nowicky & McConnell, 2007). Measurement of the 
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electromyographic responses of the respiratory- and accessory 
respiratory muscles post-manipulation may provide invaluable 
information regarding the influence of chiropractic manipulation on 
respiratory muscle strength, which also affects respiratory volumes 
(Lanza et al., 2013; Lee et al., 2010).  
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
 
1 March 2018 
 
Good Day 
 
My name is Michelle Kleyn. I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research 
study on the effects of thoracic spine manipulation and posterior rib manipulation on 
pulmonary function in first year emergency medical care students. 
 
Before you decide on whether to participate, I would like to explain to you why the 
research is being done and what it will involve for you. I will go through the information 
letter with you and answer any questions you have. This should take about 10 to 20 
minutes. The study is part of a research project being completed as a requirement for a 
Master’s  Degree in Chiropractic through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to determine whether the application of chiropractic 
treatment can increase lung function in first year emergency medical care students. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read 
through these. If you have any further questions I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate 
in the study. I will describe the study and go through this information sheet. If you agree 
to take part, I will then ask you to sign a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? Participants 
will randomly be divided into an intervention group (group A) and control group (group 
B). Participants in group A are expected to undergo chiropractic treatment two times 
per week for a total of 3 weeks at the Chiropractic Day Clinic at the University of 
Johannesburg’s Doornfontein Campus. Participants in group A will also undergo lung 
function testing at the initial visit, fourth visit and seventh visit. Participants in group A 
will therefore undergo seven visits in total. Participants in group B will not receive any 
treatment, however they will be expected to undergo lung function testing at the same 
intervals as participants in group A. Participants in group B will consequently only 
Annexure A 
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undergo three visits within three weeks. Should participants in group B require or 
request treatment, it will be provided at no cost, once the study is concluded.  
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to 
participate, you are free to withdraw your consent at any time without giving a reason 
and without any consequences. If you wish to withdraw your consent, you must inform 
me as soon as possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT 
DUE TO ME: You will not be paid to participate in this study and you will not bear any 
expenses. 
 
RISKS INVOLVED IN PARTICIPATION: No risks are anticipated as all participants selected 
are carefully screened to ensure they do not have any of the exclusion criteria. 
 
BENEFITS INVOLVED IN PARTICIPATION: Relief from musculoskeletal pain and muscle 
spasm within the rib cage and trunk; as well as increased range of movement in the 
midback. 
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on the 
questionnaire/data sheet will be removed once analysis starts. All data and back-ups 
thereof will be kept in password protected folders and/or locked away as applicable. 
Only I or my research supervisor will be authorised to use and/or disclose your 
anonymised information in connection with this research study. Any other person 
wishing to work with your anonymised information as part of the research process (e.g. 
an independent data coder) will be required to sign a confidentiality agreement before 
being allowed to do so. 
 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be 
written into a research report that will be assessed. In some cases, results may also be 
published in a scientific journal. In either case, you will not be identifiable in any 
documents, reports or publications. You will be given access to the study results if you 
would like to see them, by contacting me.  
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by me, 
under the guidance of my research supervisor at the Department of Chiropractic in the 
University of Johannesburg. This study is funded by a research grant allocated by the 
Department of Chiropractic at the University of Johannesburg. 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to 
start, it was reviewed in order to protect your interests. This review was done first by 
the Department of Chiropractic, and then secondly by the Faculty of Health Sciences 
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Research Ethics Committee at the University of Johannesburg. In both cases, the study 
was approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should 
contact me at any time if you feel you have any concerns about being a part of this 
study. My contact details are:  
 
Michelle Kleyn 
0823361753 
kleyn70@gmail.com 
 
You may also contact my research supervisor: 
Dr. Chris Yelverton, Head of Department: Chiropractic  
Tel: 011 559 6646 
Email: chrisy@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study 
have not been dealt with adequately, you may contact the Chairperson of the Faculty of 
Health Sciences Research Ethics Committee at the University of Johannesburg: 
 
Prof. Chris Stein 
Tel: 011 559 6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more 
specific information about this research project information, have any questions, 
concerns or complaints about this research study, its procedures, risks and benefits, you 
should communicate with me using any of the contact details given above. 
 
 
Researcher: 
 
Michelle Kleyn 
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DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
 
The Effect of Thoracic Spine Manipulation and Posterior Rib Manipulation on Pulmonary 
Function in First Year Emergency Medical Care Students 
 
Please initial each box below: 
 
 
       I confirm that I have read and understand the information letter dated 1 
March 2018 for the above study. I have had the opportunity to consider the information, 
ask questions and have had these answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to 
withdraw from this study at any time without giving any reason and without any 
consequences to me. 
 
 
      I agree to take part in the above study. 
 
 
 
 
   
        
 
_______________________ _______________________ ____________________ 
Name of Participant Signature of Participant Date 
   
   
_______________________ _______________________ ____________________ 
Name of Researcher Signature of Researcher Date 
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University of Johannesburg – Chiropractic Day Clinic  
Patient Informed Consent Form  
 
 
I ………….………………….………………. hereby consent to the performance of 
chiropractic adjustments/manipulation and/or other chiropractic procedures, on me (or the 
patient named above for whom I am legally responsible) by chiropractic student named 
……………….…………………………… who now or in the future may care for me in this 
office. I understand that the chiropractic student will be treating me under the supervision 
of qualified chiropractors (clinicians on duty) at the University of Johannesburg 
Chiropractic Day Clinic.   
 
I understand that as a patient at the University of Johannesburg, Chiropractic Clinic, I am 
attending a training facility and give my permission to allow supervised examination and 
treatment. I understand that there may be situations where my assessment, examination 
and treatment will be observed by other students, clinician on duty, student interns and 
senior students.  
 
I understand that information from my records may be used for academic or research 
purposes, where the University of Johannesburg undertakes to ensure that my anonymity 
is maintained at all times in such cases, for which I grant permission.  
 
I understand that the initial consultation with the above named chiropractic student/clinician 
on duty will involve the taking of a thorough patient history as well as an appropriate 
examination. Once the examination has been completed, the above named chiropractic 
student/clinician on duty will provide an explanation to me regarding my condition, the type 
of treatment required and the possible risks, benefits and discomforts that may be posed 
by the treatment required.   
 
I understand that, and I have been informed that as in the practice of medicine and other 
health disciplines, the practice of chiropractic may also present some risk, including but not 
limited to sprain, strain, fractures, dislocations and general aggravations of an inflammatory 
nature.   
 
I understand that a procedure known as Dry Needling is taught as part of the student 
curriculum and may be performed during treatment. During this procedure, a sterile, very 
thin, solid filament needle is inserted into tissue that may be associated with one or a 
number of my complaints. One or a number of needles may be used, and the procedure 
may be performed during more than one visit. There is little to no pain with this procedure. 
There is little to no bleeding with this procedure. While an infection is an unlikely event with 
this procedure, whenever there is penetration of the skin, there is the risk of infection. 
Other unlikely but possible events include fainting, soreness, or pneumothorax (lung 
puncture). If you have a fear of needles, a genetic bleeding disorder, a history of a blood 
disorder that can be transmitted to another person, are regularly taking any blood thinning 
medication (for example, Coumadin or Warfarin), or are regularly taking any pain relievers 
containing ibuprofen, NSAIDS, aspirin or acetaminophen (for example, Tylenol, Advil, 
Annexure C 
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Aleve, or Bufferin), please inform the above mentioned student during your consultation 
prior to the commencement of any dry needling treats.  
 
I understand that I have the opportunity to discuss with the chiropractic student/clinician on 
duty the nature and purpose of the chiropractic procedures I will receive.   
 
I understand that the chiropractic student/clinician on duty will examine and evaluate my 
condition in order to minimise any risk. I do not expect the chiropractic student/clinician on 
duty to anticipate and explain all risks and complications and I therefore wish to rely on the 
chiropractic student/clinician on duty to exercise their judgement during the course of such 
procedures, based upon the facts known and considered in my best interest.   
 
I understand that this informed consent will remain as part of my medical file at the 
Chiropractic Clinic and this consent will automatically be transferred to a new chiropractic 
student intern once the above mentioned student intern has graduated. This consent is 
applicable to any chiropractic student/clinician on duty that may provide treatment to me at 
the University of Johannesburg, Chiropractic Clinic.  
 
I have read or have had read to me the above consent. I will also have an opportunity to 
ask questions about the content of this consent form and by signing below, I agree to such 
prescribed procedures. I intend this consent form to cover the entire course of care for my 
present condition(s) and for any future condition(s) for which I may seek care in this 
practice.   
  
_______________________________________________  _______________________  
Patient/guardian signature        
  
  
  Date  
_______________________________________________  _______________________  
Chiropractic student         
  
  
  Date            
_______________________________________________  _______________________  
Clinician on duty / Doctor’s signature        Date  
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Annexure D 
 
 CASE HISTORY  
Date:    ______________________________   
Patient: ______________________________   File No. : _____________________  
Occupation: ______________________________   Age:  __________ Sex: ________   
Student:   ______________________________   Signature:______________________ 
 
FOR CLINICIAN USE ONLY:  
Initial visit clinician: _______________________    Signature: ____________________  
Case History: ____________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________      
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
 
 
Examination:         
 Previous:    UJ         Current:   UJ  
 Other Other 
X-ray Studies:                
 Previous:   UJ         Current:    UJ  
  Other Other  
Clinical Path. Lab:              
 Previous:    UJ         Current:    UJ  
  Other Other  
Case status:     
 PTT:     Conditional:     Signed off:     Final sign out:  
  
Recommendations: 
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Students case history:  
  
1. Source of History: _________________________________________  
  
2. Chief Complaint in patients own words:  
 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
  
  
 
  
  
5.  ANY OTHER COMPLAINTS  
  
________________________________________________________________________ 
  
________________________________________________________________________  
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Annexure E 
 
   CHIROPRACTIC DAY CLINIC 
          PHYSICAL EXAMINATION  
Underline abnormal findings in RED      Date:        ________________________________  
Patient:________________________________    File No:    ________________________________  
Clinician:________________________________    Signature:________________________________  
Student:  _______________________________    Signature: _______________________________  
_______________________________________________________________________________ 
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REGIONAL EXAMINATION  
 CERVICAL SPINE  
Date:    ___________________________    
Patient:   ___________________________   File No:  ___________________  
Student: ___________________________   Signature:__________________  
Clinician:      ___________________________  Signature: _________________ 
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UNIVERSITY OF JOHANNESBURG 
CHIROPRACTIC DAY CLINIC 
SOAP NOTE 
Patient:  Visit Number:   
File Number:  Student:  
Date:  Clinician:  
S:  
  
  
  
  
  
  
O:   
A: Differential Diagnosis / ICD-10 Code  
  
  
  
  
  
  
P: Procedure Codes  
Home Advice:  
  
  
  
  
  
Comments:  
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